Purpose. To evaluate the rate of venous thromboembolism (VTE) after complex lowerlimb fracture surgery without pharmacological prophylaxis. Methods. Between July 2005 and April 2009, 11 men and 6 women (mean age, 45 years) underwent temporary external fixation followed by internal fixation for a total of 3 femoral and 20 tibial fractures. Patients were screened for VTE using contrastenhanced computed tomography (CT) when the D-dimer value was beyond normal range. Between May 2009 and December 2012, 18 men and 4 women (mean age, 45 years) underwent temporary external fixation followed by internal fixation for a total of 8 femoral and 20 tibial fractures. Patients were routinely screened for deep vein thrombosis (DVT) using ultrasonography and for pulmonary embolism (PE) using contrast-enhanced CT (in high-risk patients with multiple injuries or pelvic and acetabular fractures). In both groups, pharmacological prophylaxis was not Rate of venous thromboembolism after complex lower-limb fracture surgery without pharmacological prophylaxis used; only mechanical prophylaxis was used.
fixation for open complex fractures of the lower limbs serves as damage control [1] [2] [3] and stabilisation. [4] [5] [6] [7] Complex lower-limb fractures and immobilisation are risk factors for deep vein thrombosis (DVT). 8 The rate of DVT after temporary joint-spanning external fixation for complex lower-limb fractures was 2.1% when low-molecular-weight heparin (LMWH) prophylaxis was used. 9 This study evaluated the rate of venous thromboembolism (VTE) after complex lower-limb fracture surgery without pharmacological prophylaxis.
Materials and Methods
This study was approved by the ethics committee of our hospital. In Japan, prophylaxis for VTE has predominantly involved the use of graduated compression stockings and intermittent pneumatic compression of the injured (preferred) or uninjured leg after admission excluding the period during external fixation. Pharmacological prophylaxis was not used until recently.
Between July 2005 and April 2009, 11 men and 6 women (mean±standard deviation [SD] age, 45±16 years) underwent temporary external fixation followed by intramedullary nailing (n=12) or plating (n=5) for a total of 3 femoral and 20 tibial fractures. 10 patients had associated injuries of the head, chest, abdomen, spine, and pelvis. Pharmacological prophylaxis was not used; only mechanical prophylaxis was used. D-dimer testing was performed twice weekly until 2 weeks post-surgery. Patients were screened for VTE using contrast-enhanced computed tomography (CT) when the D-dimer value did not decrease as expected or exceeded 20 (normal, <1) µg/ml after 5 postoperative days. 10 Between May 2009 and December 2012, 18 men and 4 women (mean±SD age, 45±18 years) underwent temporary external fixation followed by intramedullary nailing (n=14) or plating (n=11) for a total of 8 femoral and 20 tibial fractures. Seven patients had associated injuries of the head, chest, abdomen, spine, and pelvis. Pharmacological prophylaxis was not used; only mechanical prophylaxis was used. Patients were routinely screened for DVT using ultrasonography (irrespective of the D-dimer value) and for pulmonary embolism (PE) using contrast- 
results
The early and later groups were comparable in terms of age, sex, and proportion of bilateral external fixation (24% vs. 9%, p=0.374), open fracture (88% vs. 82%, p=0.679), and associated injury (59% vs. 32%, p=0.115), except that the duration of external fixation was longer in the early group (29.8±28.0 vs. 11.6±4.0 days, p=0.001).
Of the 17 patients in the early group, 5 developed VTEs (3 DVTs and 2 PEs) at a mean of 13.6 (range, 6-20) days after injury; 2 of whom developed VTE during the external fixation period. All 3 DVTs were distal and bilateral, and both PEs were asymptomatic and non-fatal (Table 1) .
Of the 22 patients in the later group, 10 developed VTEs (10 DVTs and 4 PEs) at a mean of 13 (range, 5-33) days after injury; 7 of whom developed VTE during the external fixation period. Of the 10 DVTs, 5 were distal and 5 were proximal; 4 were bilateral and 6 were on the injured side only. Three of the 4 PEs were asymptomatic (Table 1) . VTE was not associated with the site or duration of external fixation (Table 2) .
discussion
In one study, only 3 (2.1%) of 143 patients developed DVT after temporary external fixation for complex lower-limb fractures; LMWH was used as pharmacological prophylaxis. 9 In another study, none of 9 patients developed DVT after knee dislocation surgery; LMWH was used as pharmacological prophylaxis, but the screening method for DVT was not described. 4 Of 19 patients who underwent temporal external fixation for femoral shaft fractures, 0% and 5.3% developed PE and DVT, respectively, but methods of VTE prophylaxis and screening were not described. 3 The use of LMWH decreases the risk of VTE. In our study, the rate of VTE was 29% in the early period and 46% in the later period. In Japan, prophylaxis for VTE has been mainly mechanical rather than pharmacological prophylaxis; anticoagulants were not as commonly used as in the United States and Europe until recently. Fondaparinux and enoxaparin have only been available commercially since 2007 and 2008, respectively. 11 These drugs can decrease the risk of VTE after temporary external fixation followed by internal fixation for complex lower-limb fractures. In our study, the rate of PE was relatively high (12% in the early period and 18% in the later period). Anticoagulants should be used in high-risk patients, and early detection of asymptomatic VTE prevents the development of fatal PE. The difference in the rates of VTE in the early and later periods may have been due to differences in screening protocols, but Table 2 Association of venous thromboembolism (VTE) with site and duration of external fixation and associated injury the number of patients was too small to determine the superior screening protocol and the utility of the D-dimer cut-off value. Some cases of VTE may have been missed in the early period. However, routine pre-and post-operative imaging decreases the possibility of undetected VTE.
Compared to ultrasonography, 12, 13 contrastenhanced CT 14, 15 can detect PE and thus was routinely performed for high-risk patients with multiple injuries or pelvic and acetabular fractures. 10 The external fixator may cause artefacts on imaging. Ultrasonography is non-invasive and easy to use, although it is technically difficult to perform ultrasonography on a body part with an external fixator.
conclusion
The rate of VTE was high in patients undergoing temporary external fixation followed by internal fixation for complex lower-limb fractures without pharmacological prophylaxis.
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